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(57) ABSTRACT

The present invention provides a method for detecting
biochemical oxygen demand. Active sludge, surface water,
domestic waste water, or industrial waste water comprising
microorganism is taken as a water sample with microorgan-
ism in the method provided by the present invention. The
water sample with microorganism is cultivated to obtain a
microorganism film. The blank water sample and the target
water sample are made to pass through the microorganism
film respectively. The dissolved oxygen reduction current
values of the blank water sample and the target water sample
are detected. The difference value between the dissolved
oxygen reduction current value of the target water sample
and that of the blank water sample is obtained. On the basis
of the difference value and the predetermined standard
curve, the biochemical oxygen demand of the target water
sample is acquired. The method provided by the present
invention adopts active sludge, surface water, domestic
waste water, or industrial waste water comprising microor-
ganism as the water sample with microorganism. The envi-
ronmental adaptability of the prepared microorganism film
is strong, so that one or more of tap water, well water,
atmospheric water, or ground water may serve as medium to
maintain the physiological activity with no need of provid-
ing a buffer solution system.
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METHOD FOR DETECTING BIOCHEMICAL
OXYGEN DEMAND

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application is a National Phase Patent Application
and claims priority to and the benefit of International Appli-
cation Number PCT/CN2012/073691, filed on Apr. 10,
2012, the entire disclosure of which is incorporated herein
by reference.

FIELD OF THE INVENTION

The present invention relates to the technical field of
environmental protection, and in particular to a method for
testing biochemical oxygen demand (BOD).

BACKGROUND

BOD refers to the amounts of dissolved oxygen (DO)
consumption when some substances especially organic sub-
stances in water that can be biologically decomposed by
microorganisms. For example, the BOD is called five-day
BOD (BOD) if biological oxidation is performed for five
days. BOD is an important index for analyzing the content
of organic pollutants in water, and is one of the most
important parameters for conventional monitoring of water
quality, whose higher values mean more organic pollutants
in the water and more serious pollution.

At present, the method of diluting and inoculating is
commonly adopted internationally for testing the BOD,
which is also called BOD method. However this method
has the disadvantages of time consuming, intensive work
load, complex operations, various interference factors, and
poor repeatability. Also, it can not reflect the change of water
quality timely, and does not allow the on-line testing of
water quality.

For the purpose of overcoming the above disadvantages,
a variety of methods for testing BOD have been developed
in the prior art. One example is microbial sensor method,
which comprises the steps of cultivating the target micro-
organisms, centrifuging the cultured microorganisms, quan-
tifying and physically adsorbing the microorganisms on the
surface of a cellulose membrane or dialysis membrane and
the like to provide a biological membrane (biofilm), or
chemically embedding the microorganisms by using sol-gel
polymers to provide a biofilm; and closely attaching the
obtained biofilm to the surface of an oxygen electrode, when
a target water sample flows through the surface of the
biofilm, microbial respiration is enhanced, oxygen con-
sumption increases, therefore the oxygen content tested by
the oxygen electrode is reduced. In the method, BOD of a
water sample is obtained by use of the principle that micro-
bial respiration is proportional to the content of organic
matters. One example is a mediator method, which adopts an
artificial electron acceptor, such as potassium ferricyanide to
substitute natural electron acceptor oxygen, and thus
improves the degradation efficiency of organic matters by
microorganisms, and improves the accuracy of the testing
results. One example is a biofilm reactor method, which
utilizes the enriched microbial population to degrade organic
matters, and achieves the measurement on the BOD in water
by testing the change of DO content. In order to maintain a
stable microbial population, this biofilm reactor method
needs continuous supplementation of organic matters, so
that the operation is complex and the maintenance cost is
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high. In prior art, a microbial fuel cell method is also used
for testing BOD, which mainly depends on the generation of
a current when the enriched microbial population degrade
organic matters, and determines the value of BOD in water
according to the intensity of the current.

The above methods for testing the BOD in water are all
based on the action of microorganisms on organic matters,
including microbial respiration and the degradation of the
organic matters by the microorganisms. In order to maintain
the physiological activity of the microorganisms, a certain
level of pH value and osmotic pressure are provided there-
fore. In the prior art, a buffer solution system is provided for
the survival of the microorganisms, and the most commonly
used ones of which include phosphate buffer solution and
Tris-HC1 buffer system. However, the phosphate buffer
solution will result in secondary pollution on the environ-
ment and Tris-HCI buffer system is expensive and not
suitable for on-line monitoring. In the prior art, there is no
method for testing the BOD in water that does not adopt a
buffer system.

SUMMARY OF THE INVENTION

The object of the present invention is to provide a method
for testing BOD, which allows the testing of BOD in water
without using a buffer system.

The present invention provides a method for testing
(detecting) BOD, comprising the steps of:

a) subjecting an air-saturated microorganism-containing
water sample to microorganism cultivation to obtain a
biofilm;

b) allowing an air-saturated blank water sample to pass
through the biofilm obtained in said step a), and testing
and determining a DO reduction current of said blank
water sample;

c¢) allowing an air-saturated target water sample to pass
through the biofilm which has been subjected to said
step b), and testing and determining a DO reduction
current of said target water sample;

d) calculating the difference between the DO reduction
current of said blank water sample and the DO reduc-
tion current of said target water sample according to the
DO reduction current of the blank water sample
obtained in said step b) and the DO reduction current of
the target water sample obtained in said step ¢); and

e) determining BOD of the target water sample according
to the difference obtained in said step d) and a prede-
termined standard curve;

said microorganism-containing water sample is activated
sludge, surface water, domestic sewage or microorgan-
ism-containing industrial wastewater;

and said blank water sample is one or more selected form
tap water, well water, rain water and groundwater.

Preferably, said microorganism-containing water sample
(microorganism source) is activated sludge, surface water or
microorganism-containing industrial wastewater.

Preferably, said step a) specifically comprises:

al) at 20[J-450], subjecting an air-saturated microorgan-
ism-containing water sample to microorganism pri-
mary cultivation to obtain a primary biofilm;

a2) allowing an air-saturated blank water sample to pass
through the primary biofilm obtained in step al) to
purge the primary biofilm, until a stable DO reduction
current is obtained;
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a3) allowing an air-saturated standard solution to pass
through the primary biofilm purged in said step a2), and
testing and determining DO reduction current of said
standard solution;

ad) repeating the step al) to step a3), until the tested DO

reduction current of the standard solution is stable, so
as to complete the microorganism cultivation and
obtain a biofilm.

Preferably, the blank water sample in said step b) is one
or two of tap water and groundwater.

Preferably, the time for microorganism cultivation in said
step a) is 20-300 h.

Preferably, the standard curve in said step e) is obtained
according to the steps of:

preparing air-saturated standard solutions with series

BOD concentrations by use of said blank water sample
as solvent;

allowing an air-saturated blank water sample to pass

through the biofilm obtained in said step a), and testing
and determining a stable DO reduction current of said
blank water sample;
allowing said standard solutions to pass through the
biofilm through which said blank water sample having
passed through, and testing and obtaining the DO
reduction currents of said standard solutions;

determining the differences between the DO reduction
current of said blank water sample and the DO reduc-
tion currents of said standard solutions according to the
DO reduction current of said blank water sample and
the DO reduction currents of said standard solutions;

and determining a standard curve according to said dif-
ferences and the BOD concentrations of said standard
solutions.

Preferably, said standard solution is a glucose solution, a
glutamic acid solution, a glucose glutamic acid (GGA)
mixed solution or a sucrose solution.

Preferably, the BOD concentration of said standard solu-
tion is 1.0 mg O,/L-60.0 mg O,/L.

Preferably, the microorganism cultivation in said step a) is
carried out in a reactor.

Preferably, said reactor is tubular;

the material of said reactor is glass, ethylene-vinyl acetate

copolymer, plastic, nylon, quartz or silicone;

the length of said reactor is 30.0 cm-420.0 cm;

and the inner diameter of said reactor is 1.0 mm-4.0 mm.

The present invention provides a method for testing BOD.
In the method, an air-saturated microorganism-containing
water sample is subjected to microorganism cultivation to
obtain a biofilm, and said microorganism-containing water
sample is selected from activated sludge, surface water,
domestic sewage or microorganism-containing industrial
wastewater; after an air-saturated blank water sample and a
target water sample sequentially pass through said biofilm,
DO reduction currents of said blank water sample and target
water sample are tested, wherein microorganisms decom-
pose the organic pollutants in the target water sample and
consume the DO therein, so that the difference of DO
reduction current between said blank water sample and
target water sample is achieved; according to the predeter-
mined standard curve and the difference of DO reduction
current between said blank water sample and target water
sample, the BOD of the target water sample is obtained; and
said blank water sample is one or more of tap water, well
water, rain water and groundwater.

In the method for testing BOD in the present invention,
said microorganism-containing water sample is selected
from activated sludge, surface water, domestic sewage or
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microorganism-containing industrial wastewater. Microor-
ganisms in these microorganism-containing water samples
have relatively strong inherent adaptive capacity to envi-
ronment, and the biological activity thereof is not obviously
affected by the change of pH value and ion concentration of
the water system. Therefore the biofilm obtained by per-
forming microorganism cultivation for the microorganisms
also has relatively strong adaptive capacity to environment.
Said tap water, well water, rain water or groundwater contain
various kinds of microelements, a certain amount of metal
ions and trace amount of organic matters. If the obtained
biofilm is placed in a system of one or more of tap water,
well water, rain water or groundwater, these conditions in
the system are sufficient to make the biofilm maintain
normal biological activity, so that the determination for the
BOD of a target water sample can be realized without the
need of providing a conventional buffer solution system.

Therefore, the testing method provided by the present
invention reduces testing cost and labor cost, such as avoid-
ing the consumption of a buffer reagent, the preparation of
pure water and the preparation of a buffer solution. Further-
more, the testing method provided by the present invention
avoids the secondary pollution caused by buffer solution
such as phosphates. In addition, the present invention adopts
one or more of tap water, well water, rain water or ground-
water as a blank water sample, and the organic matter
content therein is relatively low. The oxygen consumption
by this organic matter is small and is regarded as that caused
by endogenous respiration, which is deducted from the
testing value for a blank water sample. Further, heavy metal
ions in target water sample easily react with the anions in
said blank water sample to form precipitates, which reduces
the influence of the heavy metal ions on BOD testing. Due
to the above facts, the testing result obtained in the present
invention has higher accuracy.

In addition, the method for testing BOD of the present
invention can complete the testing process for a target water
sample in about 10 min, which improves the testing speed.
The prepared biofilm in the present invention is less likely
to peel off, and impurities are easier to remove, so that the
blockage for the testing system can be avoided. Further,
during the testing process for a target water sample, micro-
organisms in the target water sample can substitute the
inactivated microorganisms in the biofilm, so as to realize
the self-restoring of the biofilm, which is in favor of the
replacement between old and new biofilms. The prepared
biofilm has the advantages such as higher stability, longer
service life, and simpler maintenance in non-testing time i.e.
just placing it in one or more of tap water, well water, rain
water or groundwater under a room temperature condition.
Experimental result shows that, the biofilm reactor of the
present invention can be used continuously for more than
one year and a half. Furthermore, after the biofilm is stored
for 2 weeks, its signal response to organic matters is only
decreased by about 13%; and when the storage time exceeds
2 months, its oxygen reduction current response value for
organic matters is recovered to about 80% of the initial value
after it is activated overnight with organic matters and tap
water alternately, and its signal response value for organic
matters is almost the same as the initial value after it is
re-cultivated by a microorganism-containing water sample.

At the same time, the biofilm in the testing method of the
present invention has higher biodegradation rate. Experi-
mental result shows that the biofilm can decompose about
20% of organic matters in a target water sample, which
indicates that the DO reduction current value of a target
water sample in the present invention is obtained depending
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on the decomposition of most of organic matters therein, so
that the obtained result is more reliable. Further, the biofilm
in the present invention can realize nonselective decompo-
sition or degradation for different types of organic matters,
which means that the obtained DO reduction current value
is only related with BOD concentration of a sample and has
no significant relation with the type of the organic matter. In
addition, the biofilm in the present invention has good
poisoning resistance. Experimental result shows that heavy
metal ion such as Cr®, Cu®*, Zn**, Ni** or Mn** at a mass
concentration up to 30.0 mg/L. has no influence on the
biofilm.

Further, the present invention can complete the cultivation
for a biofilm in a reactor, and the biofilm can be directly
grown on the inner wall of the reactor. Compared with a
method adopting physical or chemical method to embed
microorganisms to prepare a biofilm in prior art, the inven-
tive method can reduce the diffusion resistance of oxygen
gas and organic matters on the surface of the biofilm to a
greater extent, so that the organic matters in a target water
sample can be degraded fully by microorganisms, thus
further improving the accuracy of the testing result.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flow chart of a BOD testing method provided
by the present invention;

FIG. 2 is a standard curve obtained in example 2 of the
present invention;

FIG. 3 is a testing result obtained in example 6 of the
present invention;

FIG. 4 is a test result of resistance to Cr®* and 3,5-
dichlorophenol poisoning of a biofilm reactor obtained in
example 7 of the present invention;

FIG. 5 is a test result of resistance to Cu®*, Zn**, Ni** and
Mn?* poisoning of a biofilm reactor obtained in example 7
of the present invention;

FIG. 6 is a test result of stability of a biofilm reactor
obtained in example 8 of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention provides a method for testing BOD,

comprising the steps of:

a) subjecting an air-saturated microorganism-containing
water sample to microorganism cultivation to obtain a
biofilm;

b) allowing an air-saturated blank water sample to pass
through the biofilm obtained in said step a), and testing
and obtaining the DO reduction current of said blank
water sample;

c¢) allowing an air-saturated target water sample to pass
through the biofilm obtained after performing said step
b), and testing and obtaining the DO reduction current
of said target water sample;

d) calculating the difference between the DO reduction
current of said blank water sample and the DO reduc-
tion current of said target water sample according to the
DO reduction current of the blank water sample
obtained in said step b) and the DO reduction current of
the target water sample obtained in said step ¢); and

e) determining the BOD of the target water sample
according to the difference obtained in said step d) and
a predetermined standard curve;
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said microorganism-containing water sample is activated
sludge, surface water, domestic sewage or microorgan-
ism-containing industrial wastewater;

and said blank water sample is one or more of tap water,

well water, rain water or groundwater.

Preferably, said microorganism-containing water sample
(microorganism source) is activated sludge, surface water or
microorganism-containing industrial wastewater.

BOD (BOD) refers to the amount of DO consumed in
biochemical processes carried out by microorganisms
decomposing some substances that can be oxidized, espe-
cially organic matters, in water, under the prescribed con-
ditions. The BOD is a comprehensive index for reflecting the
content of organic pollutants in water, and indicates the total
amount of DO in water consumed when organic matters in
water are subjected to oxidative decomposition under micro-
bial biochemical action to be mineralized or gasified. The
higher of the value of BOD means more organic pollutants
in the water and more serious pollution.

In the method for testing BOD of the present invention, a
microorganism-containing water sample is firstly subjected
to microorganism cultivation under a certain condition to
obtain a biofilm. In the present invention, the microorgan-
ism-containing water sample is obtained from activated
sludge, surface water, domestic sewage or microorganism-
containing industrial wastewater, and preferably activated
sludge, surface water or microorganism-containing indus-
trial wastewater. The present invention adopts a microor-
ganism-containing water sample as the microbial source,
and subjects it to microorganism cultivation to obtain a
biofilm, which can achieve some advantages. For instance,
the method provided by the present invention adopts the
water sample which has microorganisms under natural con-
ditions, and the microorganisms serve as microbial strain in
the microorganism cultivation process. Under the conditions
that both organic matters and oxygen gas are enough, the
microorganisms can normally grow and propagate to form a
biofilm. In the present invention, the microorganism-con-
taining water sample serves as microbial source of the
microorganism cultivation, and the microorganisms can
maintain normal biological activity in natural environment,
so that they have the ability to adapt to the external envi-
ronment, and are insensitive to the change of system pH
value and ion concentration. Therefore, under the condition
that the present invention does not provide a buffer solution,
the normal biological activity can be maintained and the
testing for BOD of a target water sample can be realized.

The present invention adopts a microorganism-containing
water sample as the microbial source of microorganism
cultivation, said microorganism-containing water sample is
activated sludge, surface water, domestic sewage or micro-
organism-containing industrial wastewater. The obtained
biofilm retains its inherent adaptive capacity to environment,
and still can keep its normal biological activity. The reasons
are in that: the biofilm obtained by cultivating the microor-
ganism-containing water sample has inherent adaptive
capacity to environment of the microorganisms in the water
sample, its activity is not obviously influenced by system pH
value and ion concentration, and it is able to adapt to the
environments of tap water, well water, rain water or ground-
water; furthermore, tap water, well water, rain water or
groundwater contains various kinds of microelements, a
certain amount of metal ions and trace amount of organic
matters, and these conditions are sufficient to meet the
normal physiological activity of the microorganisms in the
biofilm prepared in the present invention. Therefore, the
testing method provided by the present invention has no
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need of providing a buffer solution for the testing system, on
one hand, the cost of testing are reduced. For example, the
consumption of a buffer reagent, the preparation of pure
water and the preparation of a buffer solution are avoided.
On the other hand, secondary pollution caused by buffer
solution such as phosphates is avoided. Furthermore, one or
more of tap water, well water, rain water and groundwater
serve as a blank water sample, it will not cause significant
errors on the testing result, because the organic matter
content in tap water, well water, rain water or groundwater
is relatively low, and the oxygen consumption of the organic
matter can be regarded as endogenous respiration, and thus
has been deducted in the testing process for a blank water
sample. Therefore, the BOD value of a target water sample
obtained by the testing method of the present invention has
higher accuracy. Furthermore, heavy metal ions in the target
water sample can easily complex with the anions in said
blank water sample to form precipitates, which reduces the
influence of the heavy metal ions on BOD testing, so as to
further improve the accuracy of the testing result.

The invention adopts activated sludge as microorganism-
containing water sample. The activated sludge is floccule
formed from various kinds of organisms such as bacteria,
fungi, protozoa and metazoa and inorganic substance such as
metal hydroxide, etc., and has good adsorption, flocculation,
biological oxidation and biosynthesis performances. The
complex microorganisms in the activated sludge and organic
nutrients in wastewater form complex food chains. The
present invention adopts activated sludge as microorganism-
containing water sample, the biofilm formed in the cultiva-
tion process by complex microbial population therein retains
the inherent adaptive capacity to environment. Thus the
activity of the obtained biofilm is not significantly influ-
enced by the change of pH value and ion concentration, and
the obtained biofilm still can keep normal biological activity
in the environment provided by one or more of tap water,
well water, rain water or groundwater, so that the biological
activity of microorganisms can be maintained without the
need of providing a buffer system. Therefore, the testing
method of the present invention, on one hand, reduces the
testing cost, such as avoiding the consumption of a buffer
reagent, the preparation of pure water and the preparation of
a buffer solution, on the other hand, avoids the secondary
pollution caused by buffer solution such as phosphates. In
the present invention, said blank water sample is preferably
one or more of tap water, well water, rain water and
groundwater, and more preferably one or two of tap water
and groundwater.

The present invention also can adopt surface water as
microorganism-containing water sample. Surface water is
present in the surface of the earth’s crust, and therein
contains a large amount of microorganisms. The present
invention adopts surface water as microorganism-containing
water sample, and carries out microorganism cultivation for
it, to obtain a biofilm. Microorganisms in the obtained
biofilm have stronger vitality and environmental adaptabil-
ity, and can exhibit their normal physiological activity in one
or more of tap water, well water, rain water or groundwater,
so that their biological activity can be maintained without
the need of adding a buffer solution therein.

The present invention also can adopt domestic sewage as
the microorganism-containing water sample. Domestic sew-
age refers to wastewater generated in daily life of human
being, including family drainage water such as domestic
fecal sewage, bath water, and kitchen water, etc. and com-
mercial, hospital and amusement place drainage, etc.
Domestic sewage contains a large amount of organic mat-
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ters, such as cellulose, starch, saccharide, fat and protein,
etc., also contains microorganisms and parasitic ovum. The
large amount of organic matters in the domestic sewage
facilitates microbial growth, so that the domestic sewage
contains a wide variety of and a large amount of microor-
ganisms. The present invention adopts said domestic sewage
as the microorganism-containing water sample for con-
structing a biofilm, and the microorganisms in the resulting
biofilm have stronger adaptive capacity to environment. The
usage of one or more of tap water, well water, rain water or
groundwater can meet the demands of their biological
activity, so that there is no need of providing a buffer
solution for microorganisms, which avoids the pollution of
the commonly used buffer solution such as phosphate buffer
solution, and reduces the testing cost.

The present invention also can adopt the microorganism-
containing industrial wastewater as the microorganism-con-
taining water sample. Industrial wastewater includes pro-
duction wastewater and production sewage which are
generated in industrial production process, and contains
industrial production materials, intermediate products,
byproducts and pollutants generated in the production pro-
cess, such as textile wastewater, wastewater in food pro-
cessing process and the like. The present invention adopts
microorganism-containing industrial wastewater as the
microorganism-containing water sample, and microorgan-
isms in the industrial wastewater have relatively strong
adaptive capacity to environment. The microorganism-con-
taining water sample is subjected to microorganism culti-
vation, and thus the obtained biofilm retains inherent rela-
tively high vitality and relatively strong adaptive capacity to
environment of the microorganisms, and is not obviously
influenced by the change of pH value and ion concentration
of the system. Thus, in the present invention the adoption of
one or more of tap water, well water, rain water or surface
water as the survival medium of the biofilm can meet the
demands of their biological activity, thus eliminating the
need of providing a buffer solution, which avoids the pol-
Iution caused by the buffer solution such as phosphate buffer
solution, and reduces the testing cost and labor cost.

In order to maintain the biological activity of microor-
ganisms, suitable environment temperature is provided for
microorganisms. The testing method for BOD provided in
the present invention is preferably carried out at 20[] to
450]. The present invention preferably adopts a thermostatic
water bath manner to provide the suitable temperature
condition for microorganism cultivation. At said 20[J-45]
temperature condition, the present invention preferably per-
forms air saturation process for the microorganism-contain-
ing water sample to obtain air-saturated microorganism-
containing water sample. Said air-saturated microorganism-
containing water sample continuously flows through the
surface of a microorganism carrier, so that microorganisms
in said microorganism-containing water sample are gradu-
ally adsorbed and grow on the surface of said carrier to form
a biofilm. In the present invention, the temperature of said
thermostatic water bath is 20[] to 45, and preferably 30[]
to 3700.

When the present invention performs the cultivation of a
biofilm, preferably said microorganism-containing water
sample is subjected to microorganism cultivation in a reac-
tor, and a biofilm is formed on the inner wall of the reactor,
s0 as to obtain a biofilm reactor. In the present invention,
said microorganism-containing water sample continuously
flows through the reactor, microorganisms in said microor-
ganism-containing water sample are adsorbed on the inner
wall of said reactor and grow to obtain a biofilm reactor. The
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present invention has no specific limitation on the shape,
material and size etc. of said reactor, and the reactor that is
well known to those skilled in the art can be adopted. In the
present invention, the material of said reactor can be glass,
silicone, plastic, nylon, quartz or ethylene-vinyl acetate
copolymer, and preferably glass; said reactor can be tubular,
or in the shape of a hollow prism, and preferably tubular; the
length of said reactor in the present invention is preferably
30.0 cm to 420.0 cm, more preferably 50.0 cm to 300.0 cm,
and most preferably 75.0 cm to 150.0 cm; and the inner
diameter of said reactor is preferably 1.0 mm-4.0 mm.

In order to make the inner wall of the reactor be more
suitable for the adsorption and growth of microorganisms
and facilitate the construction of a biofilm, the present
invention preferably performs chemical modification for the
inner wall of said reactor to obtain a reactor with roughened
inner wall. The present invention has no special limitation
on said chemical modification method, and the technical
solution for roughening treatment that is well known to the
skilled in the field can be adopted. In the present invention,
hydrofiuoric acid can be adopted to etch said reactor to
obtain a reactor having roughened inner wall; a strongly
alkaline solution can also be adopted to etch the inner wall
of said reactor to obtain a reactor having roughened inner
wall; and the inner wall of said reactor can be modified with
a specific group such as hydroxyl, carboxyl or nanostruc-
tures, etc. to obtain a reactor having roughened inner wall,
and said nanostructure is preferably carbon nanotubes.

In the process for cultivating microorganisms, the time for
performing microbial primary cultivation in the present
invention varies in terms of the sources of the microorgan-
ism-containing water sample. The present invention can
control the cultivation time of the biofilm according to the
amount of microorganisms contained in the microorganism-
containing water sample. If the amount of microorganisms
in the adopted microorganism-containing water sample is
less, a longer microorganism cultivation time is adopted, and
if the amount of microorganisms in the adopted microor-
ganism-containing water sample is more, the time for micro-
organism cultivation can be shortened, as long as a biofilm
with saturated adsorption is obtained. In the present inven-
tion, the time for biofilm cultivating is preferably 20 to 300
hours, more preferably 30 to 250 hours, and most preferably
35 to 150 hours.

When the present invention performs biofilm cultivating,
the microorganism-containing water sample flows through
the inner surface of a microbial carrier to obtain a biofilm.
When said microorganism-containing water sample flows
through the inner surface of said carrier, said microbial
carrier will adsorb a certain amount of microorganisms.
When organic matter-containing target water sample or
standard solution flows through the carrier with a certain
amount of microorganisms adsorbed thereon, these micro-
organisms can degrade the organic matters in said target
water sample or standard solution, which results in the
decrease of DO content of the target water sample or
standard solution, which has been subjected to primary
biofilm degradation and outflows from the terminal of said
microbial carrier. But the stability of the biofilm obtained
through the primary biofilm cultivation is relatively poor,
because when the organic matters in said target water sample
or standard solution are degraded by the biofilm, the biofilm
still can grow on the inner wall of the primary biofilm
reactor, which results in the continuous increase of the
dimensions of biofilm in the process. In order to make the
obtained biofilm have adsorption-saturated microorganisms,
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the present invention preferably performs the cultivation of
a biofilm according to the steps of:
al) at 20° C.-45° C., subjecting an air-saturated microor-
ganism-containing water sample to microorganism pri-
mary cultivation to obtain a primary biofilm;
a2) allowing an air-saturated blank water sample to pass
through the primary biofilm obtained in step al) to
purge the primary biofilm, until a stable DO reduction
current is tested and obtained;

a3) allowing an air-saturated standard solution to pass

through the primary biofilm purged in said step a2), and
testing and obtaining DO reduction current of said
standard solution;

a4) repeating the processes of step al) to step a3), until the

tested DO reduction current of the standard solution is
stable, so as to complete the microorganism cultivation
and obtain a biofilm.

In order to obtain a biofilm with saturated microbial
adsorption, in the method of the present invention, firstly
under the condition of a thermostatic water bath provided by
the above technical solution, i.e. at 20[]-45[1, said air-
saturated microorganism-containing water sample continu-
ously flows through the inner surface of a microbial carrier,
so as to make microorganisms in said microorganism-
containing water sample be adsorbed on the inner surface of
said carrier and generate a primary biofilm, and the carrier
adsorbed with the primary biofilm is a primary biofilm
reactor. In the present invention, the flow rate of said
microorganism-containing water sample flowing through
the microbial carrier is preferably 0.5 m[/min-10.0 mL/min.

After obtaining the primary biofilm, a large amount of
organic matters are adsorbed on said primary biofilm, thus
these organic matters adsorbed on the biofilm will consume
DO. In order to purge off said organic matters, the present
invention allows an air-saturated blank water sample to flow
through said primary biofilm to purge said primary biofilm,
and purge off the residual organic matters therein. In this
process, the endogenous respiration of the biofilm consumes
a certain amount of DO in said blank water sample. Said
blank water sample flows through said primary biofilm, and
then flows to an oxygen electrode, and said oxygen electrode
tests the content of residual DO in the effluent blank water
sample. Preferably, the present invention allows said air-
saturated blank water sample to flow through said biofilm
reactor continuously. When the output current of the oxygen
electrode is stable, the DO reduction current value of said
blank water sample is obtained. In the present invention,
said blank water sample is one or more of tap water, well
water, rain water or groundwater, and preferably one or two
of tap water or groundwater. In prior art, a buffer solution
system is commonly adopted to maintain the activity sta-
bility of the biofilm. In the method of the present invention,
the blank water sample selected from one or more of tap
water, well water or groundwater may meet the demands of
normal biological activity of microorganisms due to the
specific microbial population in the membrane and mem-
brane-forming method. In the present invention, the flow
rate of said blank water sample flowing through said primary
biofilm is preferably 0.5 ml/min-10.0 mL/min, and more
preferably 1.0 mI./min-3.0 ml./min; and the time for per-
forming microbial primary cultivation is preferably 12
hours-150 hours.

After purging said primary biofilm, the present invention
allows an air-saturated standard solution to flow through
said primary biofilm, and testing is carried out to obtain a
stable DO reduction current value of the standard solution.
In this process, the endogenous respiration of the primary
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biofilm consumes a certain amount of DO, while the primary
biofilm utilizes organic matters in the standard solution to
perform exogenous respiration, and consumes the DO in
said standard solution. Said standard solution flows through
said primary biofilm, and then flows to the oxygen electrode.
Said oxygen electrode tests and outputs the value of oxygen
reduction current which indicates the content of residual DO
in the effluent standard solution. In order to obtain a stable
DO reduction current value, preferably the present invention
allows the standard solution to flow through said primary
biofilm continuously, until the output current of the oxygen
electrode is stable, and the DO reduction current of said
standard solution is obtained. In the present invention, when
said standard solution passes through said primary biofilm,
because the exogenous respiration of microorganisms con-
sumes the DO in the standard solution, the tested stable DO
reduction current of the standard solution is lower than the
stable DO reduction current when said blank water sample
passes through said biofilm reactor, and the difference is
related to the BOD concentration of said standard solution.
The present invention has no special limitation on said
technical solution for testing DO reduction current, and the
technical solution for testing current-time curve of the
oxygen electrode that is well known to the skilled in the field
can be adopted.

In the present invention, said standard solution is prefer-
ably a standard solution prescribed by Organization for
Economic Co-operation and Development (OECD), a glu-
cose solution, a glutamic acid solution, a mixed solution of
glucose and glutamic acid, or a sucrose solution, more
preferably a glucose solution or a mixed solution of glucose
and glutamic acid, and most preferably a mixed solution of
glucose and glutamic acid, i.e. GGA solution. Said OECD
solution is a standard solution used in BOD determination
process recommended in OECD standard, and said OECD
solution contains beef extract, peptone and urea and the like.
In the present invention, said standard solutions are all
prepared and diluted by adopting one or more in said tap
water, well water, rain water or groundwater in the above
technical solution. BOD concentration of the standard solu-
tion in the present invention refers to the BOD content of the
standard solution under a certain volume, and its unit is mg
O,/L. The BOD concentration of the standard solution in the
present invention is not higher than 100.0 mg O,/L.. In order
to ensure that the contact time of the blank water sample
with the biofilm is consistent with that of the standard
solution with the biofilm, the flow rates of said blank water
sample and standard solution flowing through said biofilm
reactor are kept consistent, preferably 0.5 ml./min-10.0
ml./min, and more preferably 1.0 ml./min-3.0 mL/min.

In order to obtain a biofilm with saturated microbial
adsorption, the primary cultivation for the biofilm and the
test steps for the air-saturated blank water sample and
standard solution, i.e. the processes of said step al) to step
a3) in the above technical solution, are carried out repeatedly
according to the above teaching. In the present invention,
said biofilm primary cultivation and the test process for said
air-saturated blank water sample and standard solution are
preferably repeated once every 3-12 hours, and more pref-
erably every 4-5 hours, until the tested DO reduction current
difference between the blank water sample and the standard
solution is constant, which indicates that microbial adsorp-
tion on the inner surface of the reactor is saturated, the
cultivation for the biofilm is completed and a stable biofilm
is obtained.

After obtaining the stable biofilm, the present invention
performs testing for the target water sample according to the
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process of: firstly testing the content of DO of an air-
saturated blank water sample, allowing an air-saturated
blank water sample to flow through said stable biofilm,
testing the blank water sample flowing through the biofilm
reactor by use of an oxygen electrode, when the output
current of the oxygen electrode is stable, the obtained DO
reduction current of said air-saturated blank water sample is
recorded as i,, which represents the DO content of the blank
water sample after oxygen is consumed by endogenous
respiration of the biofilm;

after obtaining the DO reduction current of the blank
water sample, allowing an air-saturated target water sample
to flow through the biofilm through which the blank water
sample has been passed, testing the target water sample
flowing through said biofilm by use of an oxygen electrode,
when the output current of the oxygen electrode is stable, the
DO reduction current of said air-saturated target water
sample is recorded as i,, which represents the DO content of
the target solution after oxygen is consumed by endogenous
respiration and exogenous respiration of the biofilm. When
said target water sample flows through said biofilm, micro-
organisms in said biofilm perform exogenous respiration,
degrade the organic matters in said target water sample, and
consume a portion of DO in said target water sample.
Therefore, the obtained DO reduction current value of said
target water sample is lower than that of said blank water
sample;

After obtaining the DO reduction current of said air-
saturated blank water sample and the DO reduction current
of said air-saturated target water sample according to the
above technical solution, the DO reduction current differ-
ence between said blank water sample and said target water
sample can be determined, i.e. A i=i,-i, and said DO
reduction current difference is the basis for calculating BOD
of said target water sample.

After obtaining the DO reduction current difference of
said air-saturated target water sample, the BOD of the target
water sample can be determined according to said DO
reduction current difference and a predetermined standard
solution standard curve. In present invention, said standard
solution standard curve is preferably obtained according to
the steps of:

preparing air-saturated standard solutions having series

BOD concentrations by use of the blank water sample
provided in the above technical solution as solvent;
allowing an air-saturated blank water sample to pass

through the biofilm obtained in the above technical
solution, and testing and determining the DO reduction
current of said blank water sample;

allowing said standard solution to pass through the bio-

film through which said blank water sample has passed,
and testing and determining the DO reduction current
of said standard solution;
determining the difference between the DO reduction
current of said blank water sample and the DO reduc-
tion current of said standard solution according to the
DO reduction current of said blank water sample and
the DO reduction current of said standard solution;

and determining a standard curve according to said dif-
ference and the BOD concentration of said standard
solution.

In the present invention, standard solutions having a
series of BOD concentrations are firstly prepared by use of
the blank water sample provided in the above technical
solution, i.e. one or more of tap water, well water, rain water
or groundwater, as solvent. The present invention has no
special limitation on the source of said standard solution,
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and the standard solution used in BOD determination that is
well known to the skilled in the field can be adopted. In
present invention, said standard solution is preferably a
standard solution prescribed by Organization for Economic
Co-operation and Development (OECD), a glucose solution,
a glutamic acid solution, a mixed solution of glucose and
glutamic acid, or a sucrose solution, more preferably a
glucose solution or a mixed solution of glucose and glutamic
acid, and most preferably a mixed solution of glucose and
glutamic acid, i.e. GGA solution. Said OECD solution is a
standard solution used in BOD determination process rec-
ommended in OECD standard, and said OECD solution
contains beef extract, peptone and urea and the like. BOD
concentration of said standard solution in the present inven-
tion refers to the BOD content of said standard solution in
a certain volume, and its unit is mg O,/L. In the present
invention, the adopted standard solution BOD concentration
range depends on various factors such as the flow rate of the
water sample and the volume of a carrier for the biofilm.
When the BOD concentration of the standard solution
exceeds a specific concentration, the amount of oxygen gas
consumed by the biofilm no longer increases, so that when
the BOD concentration of a target water sample is likely to
be higher than said specific concentration, the target water
sample should be diluted with said blank water sample and
then measured. The selection of the range of the standard
solution BOD concentration is well known to one skilled in
the art. In present invention, the BOD concentration of the
standard solution used for preparing the standard curve is
preferably 1.0 mg O,/L-60.0 mg O,/L, and more preferably
2.0 mg O,/L-30.0 mg O,/L.

In the process, the testing scheme for the DO reduction
current of said air-saturated blank water sample is the same
as that for the DO reduction current of said air-saturated
blank water sample in the biofilm preparation process
recited in the above technical solution. The DO reduction
current of said air-saturated blank water sample is obtained
by testing the air-saturated blank water sample via the
method provided in the above technical solution. In the
process, the testing scheme for the DO reduction current of
said air-saturated standard solution is the same as that for
said air-saturated target water sample provided in the above
technical solution. The DO reduction current of said air-
saturated standard solution is obtained by testing said air-
saturated standard solution via the method provided in the
above technical solution.

After completing the testing for one standard solution
with a certain BOD concentration, the present invention
performs a testing for another standard solution. That is, the
present invention tests the DO reduction current of said
air-saturated blank water sample, tests and determines the
value of the DO reduction current of the another standard
solution with another BOD concentration, and then deter-
mines the DO reduction current difference between the
blank water sample and standard solution; in this manner,
the present invention completes the testing for standard
solutions of all BOD concentrations, and obtains the differ-
ence of the DO reduction current for the standard solution of
each BOD concentration.

In present invention, when said air-saturated standard
solution flows through the biofilm, microorganisms in the
biofilm perform exogenous respiration, degrade the organic
matters in said standard solution, and consume DO therein.
Therefore, after said air-saturated standard solution passes
through said biofilm, its oxygen reduction current value
decreases. The present invention deducts the DO reduction
current of said air-saturated standard solution from the DO
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reduction current of said air-saturated blank water sample,
so as to obtain the DO reduction current difference corre-
sponding to said air-saturated standard solution.

In the present invention, a standard curve is plotted
according to the obtained DO reduction current difference
values corresponding to the respective standard solutions
and the respective BOD concentrations. That is, the present
invention adopts the BOD concentrations of the standard
solutions as X coordinate, and adopts the obtained DO
reduction current differences for the corresponding standard
solutions as Y coordinate, and then performs analysis of
linear equation to obtain the standard curve of the standard
solution.

After obtaining the standard curve, the present invention
calculates BOD concentration of the target water sample
according to the DO reduction current difference, i.e. said Ai
of the target water sample obtained according to the above
technical solution, and the standard curve.

In order to meet the demands of biofilm reactor cultiva-
tion and a rapid BOD testing, the present invention prefer-
ably adopts the reaction flow shown in FIG. 1 to test the
BOD of a target water sample.

Referring to FIG. 1, wherein 1 is a computer, 2 is a first
data line, 3 is an electrochemical workstation, 4 is a second
data line, 5 is an oxygen electrode, 6 is an oxygen electrode
liquid outlet, 7 is an oxygen electrode liquid inlet, 8 is a
reactor, 9 is a peristaltic pump, 10 is an electromagnetic
valve, 11 is a first injection tube, 12 is a second injection
tube, 13 is a third injection tube, 14 is a water sample
container, 15 is a tap water container, 16 is a standard
solution container, 17 is a sampling pump, 18 is a water
source, 19 is a sample outlet tube, and 20 is a thermostatic
water bath; said computer 1, said electrochemical worksta-
tion 3 and said oxygen electrode 5 are sequentially con-
nected via said first data line 2 and said second data line 4,
respectively; the oxygen electrode 5, reactor 8, and peristal-
tic pump 9 are sequentially connected with the sample outlet
tube 19; said first injection tube 11, said second injection
tube 12, said injection tube 13 and said sample outlet tube
19 communicate with said electromagnetic valve; said first
injection tube 1, said second injection tube 12 and said third
injection tube 13 communicate with said actual water
sample container 14, tap water container 15 and standard
solution container 16, respectively; and the water source 18
communicates with the sampling pump 17.

The present invention adopts the flow shown in FIG. 1 to
test the BOD of a target water sample, and the specific
process is as follows:

The present invention firstly performs the cultivation of a
biofilm in the reactor 8 to obtain a biofilm reactor. More
specifically, the present invention firstly starts said thermo-
static water bath 20, said thermostatic water bath is used for,
on one hand, ensuring a consistent temperature of the water
sample in the water sample container 14, the tap water in the
tap water container 15 and the standard solution in the
standard solution container 16, and under the condition of air
saturation, the three have consistent DO content; on the
other hand, ensuring that the formation of the biofilm on the
inner surface of the reactor is completed under a thermo-
static condition; under the thermostatic condition, the pres-
ent invention samples from the water source 18 via the
sampling pump 17 to the water sample container 14 in
advance, wherein the water source 18 is a microorganism-
containing water sample, and microorganism-containing
water sample in the water sample container 14 is subjected
to air saturation to obtain air-saturated microorganism-con-
taining water sample; the air-saturated microorganism-con-
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taining water sample in the water sample container 14 is fed
to the reactor 8 through the first injection tube 11, the
electromagnetic valve 10, the sample outlet tube 19 and the
peristaltic pump 9 in sequence; while the sampling pump 17
supplements the microorganism-containing water sample
from the water source 18 towards the water sample container
14 at a rate consistent with that of the peristaltic pump 9.
When the microorganism-containing water sample flows
through the reactor 8, microorganisms therein are gradually
adsorbed on the inner wall of the reactor 8 and grow by use
of the organic matters in the water sample, so that the
microorganism cultivation is started; said air saturation rate
is 3.0 L/min, the water sample flow rate controlled by the
peristaltic pump 9 is 2.0 ml/min, the thermostatic water
bath 20 is set at 37[], and the cultivation time of the primary
biofilm reactor is about 36 h.

After obtaining the primary biofilm reactor, tap water
from the tap water container 15 is adopted to clean said
primary biofilm reactor, the GGA solution in the standard
solution container 16 is tested to evaluate the growth con-
dition of the primary biofilm, so as to obtain finally the
biofilm reactor with saturated microbial adsorption. The
present invention firstly makes the air-saturated tap water in
the tap water container 15 flow through the reactor 8 with
adsorbed microorganisms through the second injection tube
12, electromagnetic valve 10, sample outlet tube 19 and
peristaltic pump 9 in sequence to clean the residual organic
matters in the system, until the DO reduction current signal
outputted by the oxygen electrode 5 tested by the electro-
chemical workstation 3 is stable. At this time, the stable DO
reduction current value represents the residual DO content in
tap water discharged after the air-saturated tap water is
subjected to oxygen consumption via endogenous respira-
tion of the biofilm; after completing the cleaning for the
system, the present invention adopts the above microorgan-
ism-adsorbed reactor 8 to test the GGA solution. More
specifically, the present invention places the pre-prepared
GGA solution in the standard solution container 16, per-
forms air saturation on the GGA solution in said standard
solution container 16 to obtain air-saturated GGA solution;
makes said air-saturated GGA solution flow through the
microorganism-adsorbed reactor 8 through the third injec-
tion tube 13, electromagnetic valve 10, sample outlet tube 19
and peristaltic pump 9 in sequence. The DO in said air-
saturated GGA solution is consumed by microorganism
population adsorbed in the primary biofilm reactor, so that
the DO reduction current signal of said GGA solution
outputted by said oxygen electrode 5 is lower than that of the
above air-saturated tap water, and the decreased value of the
current signal, i.e. DO reduction current difference, repre-
sents the amount of DO consumed by the microorganisms
adsorbed in the reactor 8;

In order to determine whether the microbial adsorption in
the reactor 8 is saturated, the present invention repeats said
microbial primary cultivation, tap water cleaning (purging)
and GGA testing, until the decreased value of the DO
reduction current signal obtained by testing said GGA
solution is consistent with first two testing results, which
indicates that the amount of microorganisms adsorbed in the
reactor 8 reaches the constant state. At this time the micro-
organism cultivation is completed, and a stable biofilm
reactor is obtained for testing BOD;

After obtaining the biofilm reactor, the present invention
replaces the first injection tube 11 and the sample outlet tube
19 in the testing system with another injection tube and
another sample outlet tube, so as to test the GGA solutions
of a series of BOD concentrations and test the target water
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sample, plots a standard curve according to the testing
results for the GGA solutions was well as the BOD concen-
trations, and calculate BOD of the target water sample
according to said standard curve and the testing results for
said target water sample;

In order to obtain the standard curve, the present invention
firstly prepares GGA solutions of a series of BOD concen-
trations, and places said GGA solutions in said standard
solution container 16, respectively, performs air saturation
for the GGA solutions in said standard solution container 16
to obtain air-saturated GGA solutions; the present invention
performs the testing on the GGA solutions of a series of
BOD concentrations for said air-saturated GGA solution
according to said testing process for the GGA solution
provided in the above technical solution, to obtain the DO
reduction current differences corresponding to the GGA
solutions of each BOD concentrations, and plots the stan-
dard curve according to said DO reduction current differ-
ences and BOD concentrations of the GGA solutions t;

After obtaining the standard curve, the present invention
tests a target water sample. Before the testing for the target
water sample, the present invention cleans said system with
tap water according to said process in the above technical
solution, so as to obtain the DO reduction current value of
air-saturated tap water. After completing the cleaning for the
system, the present invention introduces target water sample
of the water source 18 into the water sample container 14
through the sampling pump 17, and performs air saturation
for the target water sample in the water sample container 14
to obtain air-saturated target water sample. Said air-saturated
target water sample flows through the biofilm reactor 8
through the first injection tube 11, electromagnetic valve 10,
sample outlet tube 19 and peristaltic pump 9 in sequence,
and DO therein is consumed by the microorganisms
adsorbed in the biofilm reactor, so that the DO reduction
current value of the target water sample outputted by the
oxygen electrode 5 and obtained by the electrochemical
workstation 3 is lower than that of the air-saturated tap water
and DO reduction current difference thus is obtained.
According to the obtained DO reduction current difference
and standard curve, the BOD of the target water sample is
obtained.

The present invention adopts activated sludge, surface
water, domestic sewage or microorganism-containing indus-
trial wastewater as microorganism-containing water
samples, microorganisms are cultivated through the adsorp-
tion and growth process on the inner surface of the carrier to
obtain a biofilm, which is applied in the testing for BOD.
The microorganisms in the obtained biofilm in the present
invention are from nature, have very strong adaptive capac-
ity to environment, and can survive and propagate in com-
plex water quality conditions. In prior art, in order to ensure
the biological activity of microorganisms, a buffer system is
a necessary element for testing BOD, which can adjust the
pH value of the system, and provide the osmotic pressure for
maintaining microbial activity. In present invention, one or
more of tap water, well water, rain water or groundwater is
adopted to substitute the buffer system in prior art, and used
for cleaning the biofilm, preparing and diluting the standard
solution, and diluting the target water sample, and one or
more of said tap water, well water, rain water or groundwater
can meet the normal biological activity of the biofilm. On
one hand, said cultivation method of the biofilm in the
present invention retains natures of microorganisms in the
microorganism-containing water sample as much as pos-
sible, so that activity thereof is not obviously influenced by
the change of system pH value and ion concentration, and
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the biofilm can resist a suitable change of external condi-
tions; on the other hand, said tap water, well water, rain
water or groundwater water contain various kinds of trace
elements, a certain amount of metal ions and trace amount
of organic matters, these conditions are enough to meet
demands of normal physiological activity of the microor-
ganisms. Therefore, the testing method of the present inven-
tion has no need of adopting a buffer system, which reduces
the testing cost, for example, avoiding the consumption of a
buffer reagent, and the preparation of pure water and a buffer
solution, and also avoids secondary pollution caused by
buffer solution such as phosphates.

In addition, the adoption of one or more of tap water, well
water, rain water or groundwater as blank water sample will
not cause significant errors on the measurement result,
because the organic matter content in tap water, well water,
rain water or groundwater is very low. The weak oxygen
consumption due to the organic matter is regarded as endog-
enous respiration and has been deducted in the testing
process for blank water sample, so that the obtained testing
result has higher accuracy.

After obtaining the biofilm, the present invention selects
GGA solution, adds poisonous substances with a series of
mass concentrations, and tests the anti-poisoning perfor-
mance and stability of the biofilm. More specifically, the
testing process for anti-poisoning performance is as follows:

Adding the poisoning substances with a series of mass

concentrations into the GGA solutions with a certain
BOD concentration, so as to obtain GGA solutions
containing poisonous substance;
testing and determining the DO reduction current differ-
ences of said GGA solutions containing poisoning
substance, according to said method for testing the
target water sample in the above technical solution;

and testing and determining the anti-poisoning perfor-
mance of said biofilm, according to the DO reduction
current differences of said GGA solutions containing
poisoning substance and the predetermined DO reduc-
tion current difference of GGA solution without poi-
soning substance.

The present invention preferably tests the influence of
heavy metal ions and organic poisoning substances among
the poisonous substances on said biofilm. Said heavy metal
ion preferably is Cr®*, Cu**, Zn**, Ni** or Mn>* that is
common in wastewater, and said organic poisoning sub-
stance preferably is 3,5-dichlorophenol that is common in
wastewater. The present invention tests the influence of the
poisonous substances of a series of BOD concentrations on
said biomembrane (biofilm).

The GGA solutions containing heavy metal ion Cr®*,
Cu?*, Zn**, Ni** or Mn** with mass concentration of 1.0
mg/[.-30.0 mg/l. are tested by said method in the above
technical solution. Experimental results show that: the
obtained DO reduction current difference is basically con-
sistent with that of the GGA solution without heavy metal
ion, which indicates that these heavy metal ions have no
obvious inhibitory action on the biofilm constructed in
present invention, and indicates that said biofilm has better
resistance to heavy metal ion poisoning; further the present
invention performs testing for the GGA solutions containing
3,5-dichlorophenol with mass concentration of 1.0 mg/L-
30.0 mg/L, experimental results show that: the DO reduction
current difference increases with the increase of 3,5-dichlo-
rophenol mass concentration, and shows a good linear
relation, which indicates that 3,5-dichlorophenol can be
degraded by microorganism population in the biofilm.
Therefore, in the method for testing BOD provided in the
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present invention, organic poisoning substance 3,5-dichlo-
rophenol exhibits the properties of an organic substance,
rather than the properties of an poisoning substance. It can
be seen that the prepared biofilm in the present invention has
better anti-poisoning performance when it is applied in the
testing for BOD.
The testing for the stability of said biofilm in the present
invention is carried out as follows:
in a testing day, performing repeated testing for the GGA
solution with known BOD concentration according to
said method in the above technical solution, so as to
obtain the DO reduction current differences of said
GGA solution;

obtaining BOD of said GGA solution according to mean
value of the DO reduction current differences of said
GGA solution and said standard curve in the above
technical solution;

and comparing the BOD of said GGA solution obtained in

testing day and the known BOD concentration of said
GGA solution, and obtaining the stability of the pre-
pared biomembrane reactor in the present invention
based on the compared results. In non-testing days, the
biofilm reactor is filled with tap water, and stored at
room temperature.

The present invention takes a GGA solution with BOD
concentration of 16.0 mg O,/ as an example to test the
stability of said biofilm. In the present invention, from
Monday to Friday, repeatedly testing is preformed on said
GGA solution for seven times every day, continuously for 8
weeks, so that the DO reduction current difference mean
value of said GGA solution for each day is obtained, BOD
of said GGA solution is obtained according to said DO
reduction current difference mean value and said standard
curve in the above technical solution. The stability test result
of said biofilm is determined by comparing the tested BOD
of said GGA solution with the BOD of GGA solution
obtained according to the international standard method.
The experimental results of continuous 8 weeks show that
the value of BOD of said GGA solution is maintained about
16.0 mg O,/L, which indicates that the prepared biofilm in
the present invention has higher stability.

The present invention provides a method for testing BOD,
the method provided in the present invention adopts acti-
vated sludge, surface water, domestic sewage or microor-
ganism-containing industrial wastewater as a microorgan-
ism-containing water sample, performs air saturation, and
then makes it continuously flow through a microbial carrier,
and finally obtains a biofilm on the inner wall of the carrier;
makes an air-saturated blank water sample and a target water
sample flow through said biofilm in sequence, and test and
determine the DO reduction current of said blank water
sample and said target water sample. Microorganisms in the
biofilm degrade the organic matters in the target water
sample, and consume the DO therein, so that the DO
reduction current value of said target water sample is lower
than that of said blank water sample, and the DO reduction
current differences corresponding to said target water
sample is obtained. The BOD of said target water sample is
determined according to said DO reduction current differ-
ence and a predetermined standard curve. Said blank water
sample is one or more of tap water, well water, rain water or
groundwater. The method for testing BOD provided in the
present invention adopts activated sludge, surface water,
domestic sewage or microorganism-containing industrial
wastewater as the microorganism-containing water sample.
Said microorganism-containing water sample is from natu-
ral world, and is subjected to microorganism cultivation to
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obtain a biofilm. Said biofilm retains the inherent relatively
high adaptive capacity to environment of microorganisms in
the microorganism-containing water sample, so that there is
no need of providing environment of a buffer solution
therefor. In one or more of tap water, well water, rain water
or groundwater, said biofilm is able to have normal biologi-
cal activity, so that it can degrade the pollutants in a target
water sample. BOD of the target water sample is obtained
according to the amount of the consumed DO. The method
provided in the present invention has no need of adopting a
buffer solution, which avoids the pollution on environment
caused by the buffer solution such as phosphates, and
reduces the testing cost.

In order to further illustrate the present invention, the
method for testing BOD provided in the present invention
will hereinafter be described in detail in conjunction with
embodiments, but they can not be understood as limiting the
scope of the present invention.

EXAMPLE 1

According to the schematic diagram shown in FIG. 1, a
biofilm reactor was prepared. One end of the biofilm reactor
was connected with an oxygen electrode 5, the oxygen
electrode 5 was accessed in an electrochemical workstation
3 with CHI832b type, and said electrochemical workstation
3 monitored the current change of the oxygen electrode 5,
and the current change was displayed by a computer 1.

The thermostatic water bath 20 was activated, and the
temperature was adjusted to 30(]. Activated sludge water
sample 300 mL was injected into the water sample container
14 from the water source 18 via the sampling pump 17, and
said activated sludge water sample was subjected to air
saturation at a rate of 3.0 L/min. The glass reactor 8 with a
length of 105.0 cm and an inside diameter of 2.0 mm was
placed in the thermostatic water bath. The activated sludge
water sample was transported to the reactor 8 through the
first injection tube 11, the electromagnetic valve 10 and the
sample outlet tube 19 at a rate of 1.0 ml/min, and then
reached the surface of the oxygen electrode 5 after flowing
through the reactor 8. At the same time, activated sludge
water sample was continuously supplemented to the water
sample container 11 from the water source 18. After 24
hours, tap water 300 ml was injected into the tap water
container 15, and subjected to air saturation at a rate of 3.0
L/min. Under the control of the peristaltic pump 9, tap water
reached the reactor 8 through the second injection tube 12,
the electromagnetic valve 10, and the sample outlet tube 19
at a rate of 1.0 mL/min, and then reached the surface of the
oxygen electrode 5, and the DO reduction current was
recorded as 533 nA. GGA solution with BOD concentration
of 20.0 mg O,/L. was injected into the standard solution
container 16, and subjected to air saturation at a rate of 3.0
L/min. Under the control of the peristaltic pump 9, the
obtained air-saturated GGA solution reached the biofilm
reactor 8 through the third injection tube 13, the electro-
magnetic valve 10 and the sample outlet tube 19 at a rate of
1.0 mL/min, and then reached the surface of the oxygen
electrode 5 after flowing through the biomembrane reactor 8.
The electrochemical workstation 3 monitored the change of
current of the oxygen electrode 5. When the oxygen elec-
trode current was stable, the DO reduction current was
recorded as 449 nA. The difference of the DO reduction
current when tap water flowed through the surface of the
oxygen electrode 5 and when GGA solution flowed through
the surface of the oxygen electrode 5 was obtained by
calculation, i.e. 533 nA-449 nA=84 nA. The difference
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represented the signal response of the GGA solution with
BOD concentration of 20.0 mg O,/L on the obtained primary
biofilm reactor. The cultivation step for the above biofilm
reactor was carried out repeatedly. After 12 h, the above tap
water cleaning and the testing step for the GGA solution
with BOD concentration of 20.0 mg O,/L. were carried out
repeatedly, and new DO reduction current difference was
recorded as 121 nA. The above steps were carried out
repeatedly, and when the cultivation was carried out for 68
h, the output current of the oxygen electrode 5 was 344 nA
as the GGA solution with BOD concentration of 20.0 mg
O,/L was tested. At this time, the stable DO reduction
current difference when tap water flowed through the oxy-
gen electrode surface and when the GGA solution flowed
through the oxygen electrode surface was 195 nA. The result
was basically consistent with the DO reduction current
difference obtained when cultivation was carried out for 60
h, which indicated that the inner wall of the reactor 8 had
been adsorbed with saturated microorganisms, which means
the cultivation for the biofilm reactor had been completed, at
the time, and a stable biofilm reactor was obtained.

EXAMPLE 2

The thermostatic water bath 20 was activated, and the
temperature was adjusted to 30]. Tap water of 300 mL was
injected into the tap water container 15, and subjected to air
saturation at a rate of 3.0 L/min. Under the control of the
peristaltic pump 9, the air-saturated tap water reached the
biofilm reactor through the second injection tube 12, the
electromagnetic valve 10 and the sample outlet tube 19 at a
rate of 1.0 ml./min, and then flowed through said biofilm
reactor to reach the surface of the oxygen electrode 5. The
electrochemical workstation 3 monitored the change of the
oxygen electrode current. When the oxygen electrode cur-
rent was stable, the DO reduction current was recorded as
539 nA.

Glucose 150 mg and glutamic acid 150 mg were dissolved
in tap water, and diluted to a constant volume of 100 mL to
obtain mother liquor of the GGA solution with BOD con-
centration of 1980.0 mg O,/L. A portion of said mother
liquor was diluted with tap water, so as to obtain GGA
solutions with BOD concentrations of 1.0 mg O,/L., 5.0 mg
0,/L, 10.0 mg O,/L, 15.0 mg O,/L, 20.0 mg O,/L, 25.0 mg
0,/L, 30.0 mg O,/L. and 40.0 mg O,/L, respectively. In the
present invention, firstly the GGA solution with BOD con-
centration of 1.0 mg O,/L. was injected into the standard
solution container 16, and subjected to air saturation at a rate
01'3.0 L/min. Under the control of the peristaltic pump 9, the
obtained air-saturated GGA solution reached the biofilm
reactor prepared in example 1 through the third injection
tube 13, the electromagnetic valve 10 and the sample outlet
tube 19 at a rate of 1.0 mL/min, and then reached the surface
of the oxygen electrode 5 through said biofilm reactor. The
electrochemical workstation 3 monitored the change of
oxygen electrode current. When the oxygen electrode cur-
rent was stable, the DO reduction current was recorded as
522 nA, and the stable DO reduction current difference
between when tap water flowed through the oxygen elec-
trode surface and when the GGA solution flowed through the
oxygen electrode surface was recorded, i.e. 539 nA-522
nA=17 nA. The difference indicated the signal response of
the GGA solution with BOD concentration of 1.0 mg O,/L
on the biofilm reactor. The above tap water cleaning (purg-
ing) step was repeated, and the DO reduction current value
when the oxygen electrode was stable was recorded. Then
the GGA solutions with other BOD concentrations were
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tested in sequence according to the above steps. When the
GGA solution with BOD concentration of 40.0 mg O,/L was
tested, it was found that the decrease of its signal response
compared with the GGA solution with BOD concentration
of 30.0 mg O,/L was not obvious. The reason for this
phenomenon is probably that: as the BOD concentration of
the GGA solution increases, the DO therein is insufficient to
be utilized by the biofilm, which results in the decrease of
degradation efficiency of the GGA solution. Therefore, the
GGA solution at the concentration is not applicable for the
preparation of the standard curve under the experimental
conditions.

After obtaining the DO reduction current differences of
the GGA solutions of said BOD concentrations, the present
invention plotted the standard curve of the GGA solution
with the BOD concentration values 1.0 mg O,/[.-30.0 mg
0O,/L of the GGA solutions as X coordinate (horizontal axis),
and the corresponding differences of signal response on the
oxygen electrode after passing through the biofilm reactor as
Y coordinate (vertical axis), and the result was shown in
FIG. 2. FIG. 2 was the standard curve obtained in example
2 in the present invention, FIG. 2 showed that there is a good
linear relation between the DO reduction current difference
and the corresponding BOD concentration for the GGA
solution. After linear fitting, a standard curve equation Ai
(nA)=10.87 C (mg O2/L) was obtained, wherein Ai was the
DO reduction current difference and its unit was nA, C was
BOD concentration, its unit was mg O,/L, and its linear
range was 1.0 mg O,/L.-30.0 mg O,/L.

EXAMPLE 3

The thermostatic water bath 20 was activated, and the
temperature was adjusted to 30(]. Tap water 300 mL was
injected into the tap water container 15, and subjected to air
saturation at a rate of 3.0 L/min. Under the control of the
peristaltic pump 9, the obtained air-saturated tap water
reached the reactor 8 through the second injection tube 12,
the electromagnetic valve 10 and the sample outlet tube 19
at a rate of 1.0 mL/min, and then reached the surface of the
oxygen electrode 5 after flowing through the reactor 8. The
electrochemical workstation 3 monitored the change of the
oxygen electrode current. When the oxygen electrode cur-
rent was stable, the DO reduction current was recorded as
538 nA.

Water sample obtained from a secondary precipitation
pool of the second sewage treatment plant in Changchun city
of China was subjected to air saturation at a rate of 3.0
L/min. Under the control of the peristaltic pump 9, the water
sample in the water sample container 14 reached the reactor
8 through the first injection tube 11, the electromagnetic
valve 10 and the sample outlet tube 19 at a rate of 1.0
ml./min, and then reached the surface of the oxygen elec-
trode 5 after flowing through the reactor 8. The electro-
chemical workstation 3 monitored the change of oxygen
electrode current. When the oxygen electrode current was
stable, the DO reduction current was recorded as 489 nA. Its
signal response i.e. the difference between the DO reduction
current of the blank solution and the DO reduction current
of the to-be-treaded water sample, was calculated and deter-
mined as 49 nA.

The BOD value of the water sample in the secondary
precipitation pool of the sewage treatment plant was calcu-
lated and determined as 4.5 mg O,/L. according to the signal
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response obtained in the present example and the standard
curve obtained in example 2 under the same experimental
conditions.

EXAMPLE 4

According to the schematic diagram shown in FIG. 1, a
biofilm reactor was prepared. One end of the biofilm reactor
was connected with an oxygen electrode 5, the oxygen
electrode 5 was accessed in an electrochemical workstation
3 with CHI832b type, and said electrochemical workstation
3 monitored the current change of the oxygen electrode 5,
and the current change was displayed by a computer 1.

The thermostatic water bath 20 was activated, and the
temperature was adjusted to 37° C. Water sample 300 mL
obtained from the South Lake was injected into the water
sample container 14 from the water source 18 via the
sampling pump 17, and South Lake water sample was
subjected to air saturation at a rate of 3.0 L/min. The
ethylene-vinyl acetate copolymer reactor 8 with a length of
220.0 cm and an inside diameter of 1.6 mm was placed in the
thermostatic water bath 20. Under the control of the peri-
staltic pump 9, South [Lake water sample reached the reactor
8 through the first injection tube 11, the electromagnetic
valve 10 and the sample outlet tube 19 at a rate of 2.0
ml./min, and then reached the surface of the oxygen elec-
trode 5 after flowing through the reactor 8. At the same time,
South Lake water sample was continuously supplemented to
the water sample container 14 from the water source 18.
After 48 h, tap water 300 mL was injected into the tap water
container 15, and subjected to air saturation at a rate of 3.0
L/min. Under the control of the peristaltic pump 9, the
air-saturated tap water reached the reactor 8 through the
second injection tube 12, the electromagnetic valve 10, the
sample outlet tube 19 at a rate of 2.0 ml./min, and then
reached the surface of the oxygen electrode 5 after flowing
through the reactor 8. The electrochemical workstation 3
monitored the change of oxygen electrode current, and when
the oxygen electrode current was stable, the DO reduction
current was recorded as 446 nA.

A GGA solution with BOD concentration of 4.0 mg O,/
was injected into the standard solution container 16, and
subjected to air saturation at a rate of 3.0 L/min. Under the
control of the peristaltic pump 9, the air-saturated GGA
solution reached the reactor 8 through the third injection
tube 13, the electromagnetic valve 10 and the sample outlet
tube 19 at a rate of 2.0 mL/min, and then reached the surface
of the oxygen electrode 5 after flowing through the reactor
8. The electrochemical workstation 3 monitored the change
of oxygen electrode current, and when the oxygen electrode
current was stable, the DO reduction current was recorded as
401 nA. Finally the stable DO reduction current difference
between when tap water flowed through the oxygen elec-
trode surface and when the GGA solution flowed through the
oxygen electrode surface was calculated and obtained, i.e.
446 nA-401 nA=45 nA. The difference represents the signal
response of the GGA solution with BOD concentration of
4.0 mg O,/L on the primary biofilm reactor. The above
cultivation step for the above biofilm reactor was repeated.
After 12 h, the above tap water cleaning and the testing step
for GGA solution with BOD concentration of 4.0 mg O,/L
were repeated, and therefore the new signal response was
recorded as 52 nA. Then the above steps were continuously
repeated, wherein after the cultivation was carried out to 86
h, when the GGA solution with BOD concentration of 4.0
mg O,/L. was tested, the output current of the oxygen
electrode was 366 nA. At the time, the stable DO reduction
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current difference between when tap water flowed through
the oxygen electrode surface and when the GGA solution
flowed through the oxygen electrode surface was 80 nA. The
result was basically consistent with the DO reduction current
difference obtained when the cultivation was carried out to
78 h, which indicated that the inner wall of the reactor 8 had
been adsorbed with saturated microorganisms and the cul-
tivation for the biofilm reactor was completed. Therefore a
stable biofilm reactor was obtained.

EXAMPLE 5

According to the schematic diagram shown in FIG. 1, a
biofilm reactor was prepared. One end of the biofilm reactor
was connected with an oxygen electrode 5, the oxygen
electrode 5 was accessed in an electrochemical workstation
3 with CHI832b type, and said electrochemical workstation
3 monitored the current change of the oxygen electrode 5,
and the current change was displayed by a computer 1.

The thermostatic water bath 20 was activated, and the
temperature was adjusted to 37° C. Water sample of milk
plant 300 mL. was injected into the water sample container
14 from the water source 18 via the sampling pump 17, and
then was subjected to air saturation at a rate of 3.0 L/min. A
silicone reactor 8 with a length of 75.0 cm and an inside
diameter of 1.6 mm was placed in the thermostatic water
bath 20. Under the control of the peristaltic pump 9, the
air-saturated water sample of milk plant reached the reactor
8 through the first injection tube 11, the electromagnetic
valve 10 and the sample outlet tube 19 at a rate of 0.5
ml./min, and then reached the surface of the oxygen elec-
trode 5 after flowing through the reactor 8. At the same time,
the water sample of milk plant was continuously supple-
mented to the water sample container 14 from the water
source 18. After 48 h, tap water 300 mL was injected into the
tap water container 15, and subjected to air saturation at a
rate of 3.0 L/min. Under the control of the peristaltic pump
9, the air-saturated tap water reached the reactor 8 through
the second injection tube 12, the electromagnetic valve 10
and the sample outlet tube 19 at a rate of 0.5 mL/min, and
then reached the surface of the oxygen electrode 5 after
flowing through the reactor 8. The electrochemical work-
station 3 monitored the change of oxygen electrode current,
and when the oxygen electrode current was stable, the DO
reduction current was recorded as 625 nA.

GGA solution with BOD concentration of 10.0 mg O,/L.
was injected into the standard solution container 16, and
subjected to air saturation at a rate of 3.0 L/min. Under the
control of the peristaltic pump 9, the air-saturated GGA
solution reached the reactor 8 through the third injection
tube 13, the electromagnetic valve 10 and the sample outlet
tube 19 at a rate of 0.5 mL/min, and then reached the surface
of the oxygen electrode 5 after flowing through the reactor
8. The electrochemical workstation 3 monitored the change
of oxygen electrode current, and when the oxygen electrode
current was stable, the DO reduction current was recorded as
507 nA, the stable DO reduction current difference between
when tap water flowed through the oxygen electrode surface
and when the GGA solution flowed through the oxygen
electrode surface was calculated and obtained, ie. 625
nA-507 nA=118 nA. The difference represented the signal
response of the GGA solution with BOD concentration of
10.0 mg O,/L on the primary biofilm reactor. The cultivation
step for the above biofilm reactor was repeated. After 12 h,
the above tap water cleaning and the testing step for the
GGA solution with BOD concentration of 10.0 mg O,/L
were repeated, and new signal response was recorded as 148
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nA. Then the above steps were continuously repeated,
wherein after the culture was carried out for 76 h, when the
GGA solution with BOD concentration of 10.0 mg O,/ was
tested, the output current of the oxygen electrode was 455
nA. At this time, the stable DO reduction current difference
between when tap water flowed through the oxygen elec-
trode surface and when the GGA solution flowed through the
oxygen electrode surface was 180 nA. The result was
basically consistent with the DO reduction current difference
obtained when the culture was carried out to 70 h, which
indicated that the inner wall of the reactor 8 had been
adsorbed with saturated microorganisms, and the culture for
the biofilm reactor was completed. Thus a stable biofilm
reactor was obtained.

EXAMPLE 6

The thermostatic water bath 20 was activated, and the
temperature was adjusted to 30° C. Tap water 300 mL was
injected in the tap water container 15, and subjected to air
saturation at a rate of 3.0 L/min. Under the control of the
peristaltic pump 9, the air-saturated tap water reached the
reactor 8 through the second injection tube 12, the electro-
magnetic valve 10 and the sample outlet tube 19 at a rate of
1.0 mL/min, and then reached the surface of the oxygen
electrode 5 after flowing through the reactor 8. The electro-
chemical workstation 3 monitored the change of the oxygen
electrode current, and when the oxygen electrode current
was stable, the DO reduction current was recorded as 405
nA.

GGA solutions with BOD concentrations of 0.25 mg
0,/L, 0.50 mg O,/L,, 0.75 mg O,/L. and 1.0 mg O,/L, were
prepared according to said method in example 2. Tap water
was injected into the standard solution container 16, and
subjected to air saturation at a rate of 3.0 L/min. Under the
control of the peristaltic pump 9, the air-saturated tap water
reached the reactor 8 through the third injection tube 13, the
electromagnetic valve 10 and the sample outlet tube 19 at a
rate of 1.0 mL/min, and then reached the surface of the
oxygen electrode 5 after flowing through the reactor 8. The
electrochemical workstation 3 monitored the change of
oxygen electrode current, and when the oxygen electrode
current was stable, the DO reduction current was recorded as
404 nA. At the case, the signal response was 1 nA, which
was regarded as the normal fluctuation in oxygen electrode
itself error range. The GGA solutions with BOD concentra-
tions of 0.25 mg O,/L, 0.50 mg O,/L, 0.75 mg O,/[.and 1.0
mg O,/L were tested in sequence according to said method
in example 2 to obtain testing curves and corresponding
signal responses.

The results were shown in FIG. 3. FIG. 3 was the
experimental results of testing limit obtained in the example
6 in the present invention, wherein curve 1, curve 2, curve
3, curve 4 and curve 5 were the DO reduction current
response curves of the GGA solutions with BOD concen-
tration of 0 mg O,/L, 0.25 mg O,/L,, 0.50 mg O,/L, 0.75 mg
0O,/L and 1.0 mg O,/L, respectively. It can be seen from the
FIG that when tap water was tested, the oxygen electrode
output current did not substantively change, but when the
GGA solution with BOD of 0.25 mg O,/L. was tested, the
oxygen electrode output current signal obviously decreased.
With the increase of the GGA concentration, the decreased
degree of the oxygen electrode output current signal
increased. Therefore, it was determined that the testing
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lower limit of the method provided in the present invention
for the water body was about 0.25 mg O,/L.

EXAMPLE 7

The thermostatic water bath 20 was activated, and the
temperature was adjusted to 30(]. Tap water 300 mL was
injected into the tap water container 15, and subjected to air
saturation at a rate of 3.0 L/min. Under the control of the
peristaltic pump 9, the air-saturated tap water reached the
reactor 8 through the second injection tube 12, the electro-
magnetic valve 10 and the sample outlet tube 19 at a rate of
1.0 mL/min, and then reached the surface of the oxygen
electrode 5 after flowing through the reactor 8. The electro-
chemical workstation 3 monitored the change of oxygen
electrode current, and when the oxygen electrode current
was stable, the DO reduction current was recorded as 544
nA.

GGA solutions containing heavy metal ion Cr®*, Cu?*,
Zn**, Ni** and Mn** of a series of mass concentrations, 0.0
mg/L, 1.0 mg/L,, 3.0 mg/L, 6.0 mg/L, 8.0 mg/L, 10.0 mg/L,,
15.0 mg/l., 20.0 mg/LL and 30.0 mg/L, respectively and
containing poisonous substance 3,5-dichlorophenol with
BOD concentration of 16.0 mg O,/L. were prepared. Accord-
ing to said step for testing the GGA solution in example 2,
the GGA solutions containing heavy metal ion or 3,5-
dichlorophenol obtained in the example were tested, and
their signal responses were recorded.

After obtaining the signal responses of the GGA solutions
containing poisonous substances, the present invention
obtained the influence test result of the poisonous substances
on the biofilm reactor with the mass concentration of poi-
sonous substance as X-coordinate and its corresponding
signal response as Y-coordinate, and the results were shown
in FIG. 4 and FIG. 5. FIG. 4 was the experimental results of
the resistance to Cr®* and 3,5-dichlorophenol of the biofilm
reactor obtained in example 7 in the present invention. In the
FIG. 4, the curve 1 was the test result of 3,5-dichlorophenol
resistance, and the curve 2 was the test result of Cr*
resistance; FIG. 5 was the experimental results of resistance
to Cu?*, Zn**, Ni** and Mn** of the biofilm reactor obtained
in example 7 in the present invention. In FIG. 5, the curve
1 was the test result of Zn>* resistance, the curve 2 was the
test result of Ni** resistance, the curve 3 was the test result
of Mn?* resistance, and the curve 4 was the test result of
Cu?* resistance; It can be seen from FIG. 4 and FIG. 5, in the
case of the presence of heavy metal ions, the tested and
obtained current difference of the GGA solution was basi-
cally consistent with the current difference of the GGA
solution without heavy metal ions, which indicated that
these heavy metal ions had no obvious inhibitory action on
the biofilm reactor prepared in the present invention; and in
the case of the presence of 3,5-dichlorophenol, its current
difference increased with the increase of 3,5-dichlorophenol
concentration, which indicated that 3,5-dichlorophenol can
be degraded by the biofilm reactor. That is, in the method
provided in the present invention, 3,5-dichlorophenol exhib-
ited the properties of an organic substance, rather than the
properties of a poisonous substance. Therefore, the biofilm
reactor provided in the present invention had good anti-
poisoning performance.

EXAMPLE 8

According to said method for testing GGA solution in
example 2, the GGA solution with BOD concentration of
16.0 mg O,/L. was repeatedly tested for 7 times every day
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from Monday to Friday, to test the stability of the biofilm
reactor provided by the present invention.

The results were shown in FIG. 6. FIG. 6 was the stability
test result of the biofilm reactor obtained in example 8 in the
present invention. It can be seen from FIG. 6 that the testing
results for the GGA solution with BOD concentration of
16.0 mg O,/ were all at about 16.0 mg O,/L, which
indicated that the biofilm reactor provided by the present
invention had higher stability and the testing result was
accurate.

Through the above examples, it can be seen that: there is
provided a testing method for BOD in the present invention
in which activated sludge, surface water, domestic sewage,
or industrial wastewater without poisonous effect on micro-
organisms is used as a microorganism-containing water
sample to perform microorganism cultivation for said micro-
organism-containing water sample, so as to obtain a biofilm;
the present invention allows a target water sample to pass
through the above obtained biofilm, tests and determines the
decrease of DO reduction current value of the target water
sample; the decreased value of the DO reduction current
value has good linear relation with its BOD, and then
according to a predetermined standard curve to obtain the
BOD of the target water sample can be calculated. The
method provided in the present invention can complete the
determination of BOD of water sample in the environment
condition provided by one or more of tap water, well water,
rain water or groundwater, because the microorganism
population cultivated by means of the adopted microorgan-
ism-containing water sample via said culture method in the
above technical solution have stronger environmental adapt-
ability, and their activity is not obviously influenced by the
change of pH value and ion concentration. Furthermore, tap
water, well water, rain water or groundwater contains vari-
ous kinds of microelements, a certain amount of metal ions
and trace amount of organic matters, which conditions are
sufficient to meet the demands of normal physiological
activity of microorganisms in the microorganism-containing
water source. Therefore, the biofilm cultivated and obtained
in the present invention can survive in a non-buffer system,
so as to avoid the adoption of a buffer system, avoid the
secondary pollution on environment caused by phosphate
buffer solution in buffer solutions, and reduce the testing
cost.

The above description is only to make one skilled in the
art better understand the present invention, and it should be
noted that, for those skilled in the art, without departing from
the principles of the invention, also a number of improve-
ments and modifications can be made, these improvements
and modifications should also be considered as the scope of
the invention.

What is claimed is:

1. A method for detecting biochemical oxygen demand
(BOD), comprising the steps of:

a) subjecting an air-saturated microorganism-containing
water sample to microorganism cultivation to obtain a
biofilm;

b) allowing an air-saturated blank water sample to pass
through the biofilm obtained in said step a), and deter-
mining a dissolved oxygen (DO) reduction current of
said blank water sample;

c¢) allowing an air-saturated target water sample to pass
through the biofilm having been subjected to said step
b), and determining a DO reduction current of said
target water sample;

d) calculating the difference between the DO reduction
current of said blank water sample and the DO reduc-
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tion current of said target water sample according to the
DO reduction current of the blank water sample
obtained in said step b) and the DO reduction current of
the target water sample obtained in said step ¢); and

e) determining BOD of the target water sample according

to the difference obtained in said step d) and a prede-
termined standard curve;
wherein said microorganism-containing water sample is
activated sludge, surface water, domestic sewage or
microorganism-containing industrial wastewater; and

said blank water sample is one or more selected from tap
water, well water, rain water and groundwater.

2. The detection method according to claim 1, character-
ized in that said microorganism-containing water sample is
activated sludge, surface water or microorganism-containing
industrial wastewater.

3. The detection method according to claim 1, character-
ized in that said step a) comprises:

al) at 20° C.-45° C., subjecting an air-saturated microor-

ganism-containing water sample to microbial primary
cultivation to obtain a primary biofilm;

a2) allowing an air-saturated blank water sample to pass

through the primary biofilm obtained in said step al) to
purge said primary biofilm, until an stable DO reduc-
tion current is obtained;

a3) allowing an air-saturated standard solution to pass

through the primary biofilm purged in said step a2), and
determining a DO reduction current of said standard
solution; and

a4) repeating the step al) to step a3), until the determined

DO reduction current of the standard solution is stable,
so as to complete the microorganism cultivation and
obtain a biofilm.

4. The detection method according to claim 1, character-
ized in that said blank water sample is tap water and/or
groundwater.

5. The detection method according to claim 1, character-
ized in that in said step a), the microorganism cultivation is
performed for 20-300 hours.

6. The detection method according to claim 1, character-
ized in that the standard curve in said step e) is obtained by:
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preparing air-saturated standard solutions having a series
of BOD concentrations by using said blank water
sample as solvent;

allowing an air-saturated blank water sample to pass

through the biofilm obtained in said step a), and deter-
mining a stable DO reduction current of said blank
water sample;

allowing said standard solutions to pass through the

biofilm through which said blank water sample has
passed, and determining DO reduction currents of said
standard solutions;

determining the differences between the DO reduction

current of said blank water sample and the DO reduc-
tion currents of said standard solutions according to the
DO reduction current of said blank water sample and
the DO reduction currents of said standard solutions;
and

determining a standard curve according to said differences

and the BOD concentrations of said standard solutions.

7. The detection method according to claim 3, character-
ized in that said standard solutions are glucose solutions,
glutamic acid solutions, mixed glucose-glutamic acid solu-
tions or sucrose solutions.

8. The detection method according to claim 3, character-
ized in that the BOD concentrations of said standard solu-
tions are in the range of 1.0 mg O,/L-60.0 mg O,/L.

9. The detection method according to claim 1, character-
ized in that the microorganism cultivation in said step a) is
performed in a reactor.

10. The detection method according to claim 9, charac-
terized in that said reactor is tubular;

the material of said reactor is glass, ethylene-vinyl acetate

copolymer, plastic, nylon, quartz or silicone;

said reactor has a length of 30.0 cm-420.0 cm; and

said reactor has an inside diameter of 1.0 mm-4.0 mm.

11. The detection method according to claim 6, charac-
terized in that said standard solutions are glucose solutions,
glutamic acid solutions, mixed glucose-glutamic acid solu-
tions or sucrose solutions.

12. The detection method according to claim 6, charac-
terized in that the BOD concentrations of said standard
solutions are 1.0 mg O,/L.-60.0 mg O,/L.
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